Tumors derived from the fully differentiated ciliary epithelium include adenomas and adenocarcinomas. Many such tumors in animal eyes have been reported. Medulloepithelionias derived from the primitive medullary epithelium of the optic cup have rarely been seen in animal eyes. A teratoid variant of medulloepithelioma, recently described in human eyes, has also been seen in canine and bovine eyes. These tumors contain tissues resembling brain, cartilage, rhabdomyoblasts, and primitive mesenchyme, in addition to the poorly differentiated neuroepithelial and neuroblastic elements characteristic of malignant medulloepitheliomas.
Primary intraocular neuroepithelial tumors in animals and man can be classified morphologically into two major groups depending on whether the neoplasm is derived from mature neuroepithelium or from the primitive medullary epithelium [ l , 2, [13] [14] [15] . The first group includes adenomas and adenocarcinomas arising mainly from the ciliary epithelium; the second group includes retinoblastomas, medulloepitheliomas (diktyomas), and teratoid medulloepitheliomas. The neoplasms of the latter group imitate and probably arise from either embryonic neuroepithelium of the optic vesicle or cup during organogenesis or possibly from rests of the same during early neonatal life. Several reports indicate that adenomas and adenocarcinomas arising from the ciliary epithelium are not uncommon in dogs, but are rare in other domestic animals [3, 4, . On the other hand, embryonal neuroepithelial tumors are rare in domestic animals. A medulloepithelioma has been described in an 11-year-old gelding quarter horse [5] , and the author reported four similar tumors in other horses. After studying a section from one of these animals [6], we concur in the diagnosis of medulloepithelioma.
When this manuscript was prepared, we had not found any published reports of intraocular medulloepithelioma in a canine eye. One writer [lo] had suspected that a tumor originally reported as a melanocarcinoma arising from the iris of a Chow dog probably was a medulloepithelioma [7] . We concurred, and through the kindness of the author [7] obtained the block for further study. We confirmed that the tumor was a nonteratoid medulloepithelioma. Except for an unpublished communication [ 151, intraocular teratoid medulloepitheliomas had been described previously only in the human eye [13, 14, 161. Microscopically, both forms (teratoid and nonteratoid) of these rare tumors contain tubular formations of neuroepithelial tissue resembling either embryonic retina or undifferentiated ciliary epithelium, or both. The teratoid form, however, also contains tissues not normally found in the mammalian eye. These include undifferentiated mesenchyme, cartilage, striated muscle fibers, and tissue resembling brain. We have studied one bovine and four canine eyes with teratoid medulloepitheliomas. The bovine and one of the canine cases are being reported by other authors. The salient features of the remaining three canine tumors are described here. 
Case Histories
Case I A 6Y2-month-old spayed female Malamute was referred to the Michigan State University veterinary clinic with severe alterations of the left eye. Two months earlier the dog was thought to have sustained a corneal injury, but had had no other history of disease. The initial ophthalmic examination was limited to external structures because of an opaque, vascularized cornea. When the normal eye was patched, the dog could not negotiate an obstacle course. The eye was enucleated.
Histologic examination of sections from various planes showed a large neoplasm that filled the globe and distorted the normal architecture of the eye (fig. I). The malignant nature of the neoplasm was apparent because of subconjunctival invasion and epibulbar extension along the atrophied optic nerve. Only remnants of normal intraocular structures could be recognized. These included the cataractous lens and parts of the severely atrophied choroid, ciliary body, and iris. The sensory retina was not identified.
In the neoplasm there were poorly differentiated neuroectodermal tissue, well-differentiated glial and neuronal elements, and mesenchymal tissues. Major parts of the tumor had dense aggregates of primitive neuroectodermal cells arranged in clusters, columns, and cords, separated by more loosely arranged mesenchynial-appearing tissues. The undifferentiated neuroectodermal cells were pleomorphic and had large, irregularly shaped hyperchromatic nuclei surrounded by scanty, indistinct acidophilic cytoplasm. At the periphery of the aggregates these cells tended to be elongated and intimately intermingled with the surrounding mesenchymal tissue. The latter had mainly stellate and spindle cells. Mitotic figures were frequently seen throughout these various tissues.
In isolated areas, bands of polarized, pseudostratified primitive neuroepithelial cells formed canals, tubules, or rosette-like structures ( fig. 2) . A well-defined fenestrated membrane was seen on the luminal surface of many of these structures. Histologically these neuroepithelial bands were reminiscent of the embryonic medullary epithelium of the optic cup. With alcian blue staining we were able to demonstrate acid mucopolysaccharide resistant to hyaluronidase within the lumina of the neuroepithelial structures. The ground substance in the surrounding mesenchymal tissues contained acid mucopolysaccharide that was partially sensitive to hyaluronidase. obviously neoplastic tissue. HE.
One part of the neoplasm closely resembled undifferentiated retinoblastoma of the human eye. This resemblance included perivascular cuffs of poorly differentiated neoplastic cells separated by necrotic tumor. Scattered throughout these poorly-differentiated neoplastic parts were some well-differentiated tissues. These included small bundles of elongated rhabdomyoblasts recognized by their abundant eosinophilic cytoplasm with crossstriations that could be appreciated in sections stained with hematoxylin and eosin (HE) or phosphotungstic-acid hematoxylin (PTAH) ( fig. 3 ). In addition, numerous scattered ganglion cells were seen ( fig. 4) . Their argyrophilic axonal processes were often arranged in parallel arrays remarkably similar to nerve bundles. Small, isolated islands of cartilage were also seen in the more obviously neoplastic tissues.
Cnse 2
The second intraocular teratoid medulloepithelioma involved the left eye of a 5 %month-old male mongrel pup ( fig. 5 ). This tumor had been described as a ganglioglioma [12] , but further studies with special stains showed there were mesenchymal tissues such as cartilage and striated muscle and established the teratoid nature of the tumor. The predominant cellular constituents of the neoplasm were primitive neuroblastic cells that in some areas had marked mitotic activity. There were also cells with typical argyrophilic axonal processes that formed nerve bundles similar to those described in the first case. In contrast to the first case, the medulloepitheliomatous tissue was less conspicuous, and only in one area were typical tubular structures recognized. Morphologically these were similar to those in figure 2. Mesenchymal tissues were also recognized as an integral part of the lesion. These included masses of hyaline cartilage ( fig. 6 ) and scattered bundles of rhabdomyoblasts ( fig. 7) . Unlike the first case, however, the rhabdomyoblastic parts were difficult to recognize because cross-striations were identified only in sections stained with PTAH. Case 3 A 3-year-old male German Shepherd had a gray-white mass filling the inferior nasal two thirds of the anterior chamber. The cornea was edematous. The mass was thought to be a neoplasm, and the eye was enucleated.
Microscopically, changes were limited to the anterior segment where a primitive neuroectodermal tumor apparently had arisen from the partially obliterated sector of the iris and ciliary body ( fig. 8 ). There was stromal invasion of the ciliary body, and malignant cells had infiltrated the deep limbal cornea. The neoplasm was composed partly of primitive neuroblastic cells that in some areas showed evidence of differentiation toward neuronal and glial tissue. Much of the undiffer-I0 Fig. 9 . Part of tumor shown in figure 8 with microscopic appearance resembling retinoblastoma. Necrotic material separates the perivascular cut% of primitive neuroblastic cells. Corneal stroma and Descemet's membrane (arrow) are also shown. PAS. Inset Higher magnification of dense aggregate of poorly differentiated neuroblastic cells with two mitotic figures in the field. HE. Fig. 10 . Part of tumor shown in figure 8 closely resembling brain. HE. Inset: Higher magnification of a neuron with fine, beaded argyrophilic neurofibrillary process emanating from its upper part. Bodian silver stain. entiated part of the tumor resembled a retinoblastoma; there were collars of well-stained cells with large nuclei and scanty cytoplasm about nutrient vessels separated by necrotic tumor ( fig. 9 ). Elsewhere the tumor tissue resembled brain, with the cellular parts embedded in a fine fibrillary matrix that mimicked neuropil ( fig. 10 ). Bodian silver stains on adjacent sections revealed many fine, beaded axons. We saw neither mesenchymal tissues nor tubular structures lined by tissue resembling the medullary epithelium or primitive ciliary epithelium.
Discussion
The typical teratoid medulloepithelioma should contain areas histologically similar to the tissues in nonteratoid medulloepitheliomas : multilayered sheets and tubular structures formed by elongated polarized neuroblastic cells resembling the primitive retina with a basement membrane (analogous to the internal limiting membrane of the retina) along one surface and a series of terminal bars (analogous to the external limiting membrane of the retina) along the opposite surface, and other neuroepithelial structures resembling the developing ciliary epithelium. In addition, the teratoid medulloepithelioma should contain other structures that are not normal derivatives of the medullary epithelium of the optic cup. Most notable among these are tissues containing neurons and glia and resembling brain, islands of hyaline cartilage, embryonic mesenchyme, and skeletal muscle fibers with welldeveloped cross-striations. Not all of these are found in every example, and their relative proportions vary, as do the relative proportions of teratoid and nonteratoid parts. In addition, there is considerable variation in the relative amounts of each tumor that can be considered malignant. In our three cases the tumors were composed largely of malignant neuroblastic and mesenchy-ma1 tissues, and in cases 1 and 2 these malignant tissues had so overgrown other parts and had so distorted the intraocular structures that the nature of the neoplasms and their sites of origin were difficult to establish. Only in case 1 were the highly characteristic tubular formations of medulloepitheliomatous tissue conspicuous enough to stamp the tumor as clearly belonging to the medulloepitheliomatous groups. In case 2 these medulloepitheliomatous tubules were inconspicuous. The tumors in both of these cases contained cartilage and striated muscle fibers as well as mature ganglion cells and astroglia. In case 3 the tumor was not unequivocally demonstrated to be a teratoid medulloepithelioma because we were unable to find typical formations resembling the embryonic retina or ciliary epithelium, nor were we able to find mesenchymal tissues such as cartilage or skeletal muscle. We believe, however, that this tumor probably began as a medulloepithelioma but that the highly malignant neuroblastic parts and the highly differentiated neuroglial part so outgrew the other tissues that we could not demonstrate the latter. We have seen similar variations among human tumors on file at the Armed Forces Institute of Pathology.
In most malignant medulloepitheliomas of the human eye, the neuroblastic and neuroepithelial parts have predominated, and it has been these that have proved lethal. However, one report showed that in one case sar-comatous tissues produced an orbital recurrence and subsequently spread to the brain [16] . In none of the present cases did the tumor show clinical evidence of malignant behavior. Two of the dogs are still alive and healthy. The dog in case 2 was killed by an automobile 1 % years after the eye was enucleated. Necropsy showed no evidence of recurrence or metastasis.
Others have speculated as to the histogenesis of mesenchymal tissues within these embryonic tumors of the medullary epithelium of the eye and reported on brain tumors containing a similar mixture of neural and mesenchymal elements [14, 161. In the original presentation of case 2, the authors noted hyaline cartilage within the tumor, but they interpreted this as a sequel to the tumor's necrosis and consequent chronic inflammation [12] . Although metaplastic ossification is a common complication of many chronic degenerative conditions of the eye resulting from either old inflammatory disease, injury, or both, cartilage is not formed under those circumstances. Intraocular cartilage, a rare finding, is seen only in malformed eyes or in eyes with medulloepitheliomas.
